Nine public school playgrounds across Owerri metropolis were investigated for metal fractions for three years (2012, 2013 and 2014) in order to assess bioavailability, average daily dose (ADD) and risk assessment code (RAC) of five heavy metals. A six steps sequential extraction procedure was used to quantify metal fractions with A ANALYST 400 Perkin Elmer AAS. Data of metal concentration was subjected to models and results revealed interesting information that could aid in decision making concerning children playground safety. Significant (p > 0.05) amounts of Zn, Co and Cu were found in the bioavailable fractions in all playgrounds for both seasons. Mean Percent bioavailability in 2012 ranged from Co (9.4) to Zn (28.11) though maximum bioavailability was observed for Mn (55) and minimum for Cu (3). In 2013 bioavailability ranged from Zn (36) to Ni (40.2) while maximum bioavailability was observed for Cu (69) and minimum for Mn (20). In 2014 it ranged from Co (58.6) to Mn (61.1) with maximum bioavailability for Cu (80) and minimum for Cu (21). Bioavailability of these metals in dry and rainy seasons followed the order; Zn > Ni > Cu > Mn > Co. Categorizing bioavailability the order was Residual > Non-bioavailable > Bioavailable. Average daily dose (ADD) showed that exposure to metal-contaminated soil by ingestion were most prominent for Zn and Mn but high ADD values were recorded in 2014 with Zn (1583.7 mg/Kg/day) as the highest. In 2012, values of RAC showed that only Zn (50) at CSO was high whereas almost all playgrounds showed RAC above 50. There was a general increase in RAC from 2012 to 2014. Thus, these metals may be readily bioavailable to children and in the long run constitute health problems for children who use these playgrounds regularly.
Introduction
Children exhibit pica in their attempts to explore the world around them [1, 2] and so are constantly exposed to metals at playgrounds. Pica children are thus likely to have elevated body metals than their non-pica counterparts. Attempts to improve playground conditions could be a sure way to reduce childhood environmentally related illnesses [3] . Research showed that children's hands could contain significant amount of metals adsorbed due to contact with playgrounds soils [4] . With pica activities and others, children may ingest these metals from soil. Heavy metal toxicity in children environment has received little attention. This is evident in the lack of data as well as lack of standards for children playground soils and so regulatory agencies such as National Environmental Standards and Regulations Enforcement Agency (NESREA) have consistently overlooked the potential risk of heavy metals to children as they make use of playgrounds.
Bioavailability describes the extent to which a metal in a source is available for uptake and to cause an effect at the site of action in an organism [5, 6] . For children to be exposed to heavy metals in soil, they must come in close proximity of the soil containing the metals. When in contact children are likely to absorb, ingest, imbibe, or inhale these heavy metals. Hence a wide range of parameters factor in when discussing or determining bioavailability such as pH and solubility of the metal [7, 8] . How much metal taken up has a direct relation with how the child is affected. Hence risk of metal is a complex issue that is influenced by many factors such as its concentration in media of concern, its chemical form, and its bioavailability amongst other issues [8] . Bioavailability is defined simply as a metal's potential to be mobilized and to enter the human blood. Metal bioavailability is a function of the metal species, dust, organic content, and particle sizes, pH, moisture etc. By implication, a value of total heavy metal concentrations in a media is insufficient to allow estimates of true value of risk. Many researchers have argued that bioavailability is central in decision making amongst health risk managers [9] [10] [11] .
When children are the target of bioavailability measurements a lot of questions bordering on ethical issues are often generated [12] . Consequently direct measurement method was found to be less attractive compared to be estimation from concentration of metal species. Other methods such in vitro tests developed to measure bioaccessibility, have many limitations including problem of longer time, higher cost. Though it mimics the solubilization process in humans these variables [13] are likely to introduce enormous errors. Different researchers have developed various types of tests for soil in many parts of the world [14] but these have their short comings. Bioaccessibility is currently being considered more informative in risk estimation as it refers to the amount of contaminant that may be rendered ready for adsorption in human gastrointestinal fluids, and scientists think it should replace other methods in soil exposure studies [15, 16] .
Metals pollution in soils present highly diverse behavior and anthropogenic activities contribute to the ever increasing concentrations of metal in many cities. It is therefore worth investigating this kind of pollution in children playgrounds. Literatures reveal that children's playgrounds have been studied elsewhere [14, [17] [18] [19] . However, few studies have investigated children's playgrounds in Nigeria [8, [20] [21] [22] .
Metal poisoning became part of history since the dawn of civilization. Since the onset of industrial revolution, toxic metal pollution and disasters thereof have become intense, posing major environmental and health problems to man and animals alike [23] [24] [25] . Some major heavy metal disasters beginning with the most recent include; the lead disaster at Zamfara state in which illegal gold mining in villages resulted to over 400 children reported dead in 2010 [8] . Medicine sans Frontiers reported that it was the worst heavy metal disaster in history involving children. In 2007, arsenic disaster in Bangladesh killed a large number of persons including children in Bangladesh. Spreading to over 170 countries, the same source of arsenic poisoning rendered more than 137 million people suffering from various levels of poisoning through water. After eating contaminated sea foods, mothers gave birth to hundreds of children with birth defects caused by mercury compounds dumped into Japan's Minamata bay. Between 1912 and 1932, in Japan, hundreds of people including children were attacked by a disease commonly called Itai-Itai, caused by high cadmium levels in sea foods and rice [24, 26] .
Metal-induced afflictions include genotoxicity, carcinogenesis, hepatotoxicity, renal toxicity, neurotoxicity and auto impunity and apoptosis [27] . Heavy metal ion induced toxicity arises due to different types of physical and chemical interactions with the biological molecules.
The dissolved forms in the water (F 1 ) are the major source of uptake of heavy metals. Uptake through ingestion of food such as fish from polluted water and suspended particulate material containing sorbed metals has been recorded [28] leading to metal accumulation and toxicity. Little amounts of metal intake have been reported to exhibit harmful effects only after years of exposure [29] a phenomenon referred to as bioaccumulation. Consequently the present research is important primarily in alerting the scientific world about the risk arising from playground soil metals. This study was thus conducted to investigate the soil metal fraction bioavailable to children, and how much of it they are likely to uptake (average daily dose) and the estimated risk involved. These will help to understand the need for soils metal regulation on children playgrounds thereby reducing the potential health risks associated with presence of potential toxic metals. To achieve these aims, results from three year study carried out on manganese (Mn), cobalt (Co), nickel (Ni), copper (Cu) and zinc (Zn) metal fractions of soil collected from children playground of public schools in Owerri metropolis is presented here.
Materials and Methods

Study Area
The study area is Owerri metropolis, latitude 5.48° North and longitude 7.03° Imo State, southeast Nigeria. It lies within the humid tropics. Owerri metropolis lies within one of the three local government areas (LGAs) that make up Owerri city, the capital of Imo state of Nigeria set in the heart of the Igboland. The predominant parent material underlying Imo State from which most of the soils are formed are the coastal plain sands popularly known as acid sands [30] . These extensive landscapes are made up of sedimentary materials of different formations of weathered sandstones of palaoecene/Pleistocene ages and shales of a basement complex of Precambrian [31, 32] . Specifically the study site (Owerri) has been classified as Typic Paleudult/Dystric Nitosol. The playground soils are acidic (with pH 4.6-5.4), have low cation exchange capacity (3.2-5.8 S/cm) and low base saturation (< 25%) with low fertility status [3, 33] . Soil fertility in the area is maintained by fallow, whose length is fast reducing due to high demographic pressure [34] . Farming is a major economic activity even in urban areas where patches of subsistence farms are found. This area experience heavy traffic all year and is home to the biggest and modern markets besides being the seat of state government. There are no industries, but connecting roads to neighboring states pass through the metropolis making the area constantly under heavy traffic. Solid mineral deposits abound all over the metropolis council area such as phosphate, limestone, kaolin, galena, stones and granites, silica sand [35] . The council is also blessed with agricultural products like cassava, yam, maize, livestock fruits examples-oranges, pineapple, banana, pawpaw which provide the raw materials for the agro-based industries [34] . The climate of Imo State is typically humid tropics characterized by 9 months of rainfall (rainy season) and 3 months of dryness (dry season). Rainfall distribution is bimodal and averages about 2500 mm per annum, while the mean annual temperature ranges from 28 to 37 °C [34, 35] . The studied children playgrounds are shown in Fig. 1 while for coordinates, close land use and map of the area see Table 1 .
Soil Sample Collection and Treatment
Top soil samples at 0-5 cm depth were collected from nine school playgrounds (see Fig. 1 or Table 1 ) in the months of June and September (rainy season), in January and March (dry season), of 2012, 2013 and in February (dry season) and August (rainy season) of 2014. Mohr [36] reported that maximum contamination of heavy metals takes place in top layers of soil; hence the use of top soil was accepted as most appropriate. At each sampling site, a "W" shaped line was drawn on a 2 × 2 m surface along which samples were collected from five points into previously treated polythene containers using a perforated container to allow water to drain for rainy season samples. These samples were sun/air dried for two days, and then oven dried at 50 °C for 2 days; ground in acid-washed porcelain mortar with pestle. The samples were sieved through a 2 mm sieve in order to normalize variations in grain size distributions. The samples were stored in polythene containers with caps for further analysis [3, 8, 37 ].
Determination of Total Heavy Metal
The total heavy metal concentration in all 36 soil samples digests was determined for manganese, cobalt, nickel, copper and zinc were determined using A ANALYST Perkin Elmer 400 Atomic Absorption Spectrometer. Quantification was carried out using appropriate calibration curves prepared in the same acid matrix with standard metal solutions for atomic absorption spectrophotometer [38, 39] .
Sequential Extraction Procedure
Water Soluble Fractions (F 1 ): 1 g of the air dried soil sample (2 mm sieve) was mixed with 10 ml of de-ionized water with continuous agitation for 1 h. Exchangeable Phase (F 2 ): The residue in (1) It was then dry ashed for 2 h and evaporated, filtered and diluted to 50 ml with double-distilled de-ionized water. After each successive extraction, the sample was centrifuged at 3000 rpm for 15 min. The supernatants was then removed with pipette and filtered with Whatman No. 42 filter paper, made up to the 50 ml mark of volumetric flask. The residue in each case was washed with de-ionize water [8, 22, 40] .
Quality Control/Quality Assurance
All reagents and chemicals used in this work for trace metal analysis were of purest grade (ultrapure®) available and were purchased from Merck (Fin lab. Owerri), Fluka (Buchs, Switzerland through Spring Board Laboratories Ltd Awka, Anambra State, Nigeria). Working standard of metal for atomic absorption spectrophotometer were purchased from Fluka (Buchs, Switzerland) and prepared by diluting a concentrated stock solution of 1000 mg/dm 3 in 0.25 moldm 3 of HNO 3 .
Data Handling
Data was analyzed using SPSS version 17.0. Variability was calculated and categorized as little variation: (CV % < 20), moderate variation: (CV % 20-50) and high variation (CV % > 50) [38, 41] .
Results and Discussion
The descriptive statistics for mean concentration (mg/kg) of total extractable metals in the playground soils for 2012, 2013 and 2014 is presented in Table 2 . Total extractible metals are the sum of all metals fractions from sequential extraction procedure. Table 2 reveals the general information about the metal concentrations for the dry and rainy season. It was observed that Zn was highest in both dry (301.86 mg/ kg) and rainy (345.17 mg/kg) seasons. This could be due to runoffs from zinc roofs and fallouts of zinc rust during the seasons as the town is old with aged roofs everywhere. Cobalt was generally lowest meta; in both seasons reflecting lowest input from anthropogenic activities [3] . There was high variation (CV > 50%) in total extractible metals in the rainy season except Mn with moderate variability.
Average Daily Dose (ADD)
Exposure to metal-contaminated soil by ingestion was carried out to estimate average daily dose of metals for [42] in which ADD was estimated using Eq. (1).
C w is the mean heavy metal concentration (mg/kg) in soil. Estimates of soil ingestion rates, IR, for children was 200 mg/day an average body weight, (BW), of 15 kg for children was assumed, exposure frequency, (EF) was 350 days/ year; exposure duration, (ED) was taken 6 years which is the time a child stays in primary school in Nigeria; and the averaging time, (AT) 2190 days [43, 44] metal absorptivity (ABS), was assumed to be unity [45, 46] . Table 3 shows the descriptive some statistics of ADD for the three years of study.
In the rainy season 2012 lower values of mean ADD were observed. Mean ADD values ranged from Ni (0.62 mg/kg/ day) to Zn (169.54 mg/kg/day). Cobalt equally had low values of ADD where HEO, MNO, SCP, CSO, WSP and WBP had values less than unity. It was observed that mean ADD showed the decreasing order; Zn > Cu > Ni > Mn > Co. Values of ADD for Co are lower than for all metals in both seasons in 2012. This could be due to the fact the cobalt does Table 3 show that comparing ADD, dry season values are lower than for all metals in both dry seasons of 2012 and 2013 and 2014. Cobalt had lowest values for all metals and all playgrounds.
Bioavailability
In order to further assess bioavailable fraction three groups of metal fractions identified in which sum of F 1 + F 2 + F 3 was tagged BIO fraction, F 4 + F 5 was tagged non-bioavailable (NBIO) fraction while F 6 was referred to as the residual (R) fraction. Ecotoxicologically bioavailability is a measure of fraction of metal available for capture or absorption or adsorption by the body. This fraction is often taken to mean the most mobile fraction which consist of the summation of the water soluble fraction, the exchangeable fraction and the sometimes the carbonate bound fraction. Bioavailablilty could also represent a way to quantify risk due to a contaminant and in this case, the metal. This is because the total metal present may not be harmful except only the one that is integrated into the body will pose some harm [22] . In the current research bioavailability was used to denote that fraction of each metal that could cause harm to children when ingested or absorbed through the skin or some form of exposure [47] . Values of low bioavailability (< 10) therefore imply that the metal in question does not pose a threat to children while higher values (> 20) are indicative of possible danger arising from the metal. Therefore almost all metals studied except cobalt are likely to cause some harm in children as a result of them frequenting and coming in contact with soil of playgrounds within Owerri. The resulting table (Table 4 ) represents the descriptive statistics of such grouping of metal fractions.
BIO Fractions
Mn showed increasing values of bioavailable fraction for all three years (Table 4 ). Large standard deviations were observed for biofractions of all metals depicting the heterogeneous nature of the soils. To further characterize variability the co-efficient of variations showed high variation for biofraction was Co > Mn > Ni > Zn > Cu in 2012; Cu > Ni > Zn > Mn > Co in 2013 and Cu > Zn > Mn > Co > Ni in 2014. Bio fractions showed decreasing values from 2012 to 2013 (Table 4 ). In order of increasing trend of biofractions showed that 2012 > 2013 > 2014 (Figs. 2, 3, 4 , 5, 6) playgrounds NEO and TSO had lowest bio Fractions for all years whereas CSO and UPS had highest biofractions all the three years. Cobalt showed highest biofractions at CSO and TSO for while lowest biofractions were recorded at WSP and HEO. Nickel had highest bio fractions at CSO and IKS for all three years (Fig. 6 ). On the other hand Cu showed highest bio fractions where lowest values SCP were within the same range for all three years. However highest values of biofractions were observed at CSO and TSO. Figures 2, 3, 4 , 5 and 6 showed the annual trends of metal bioavailability and also compared the three years results. The year 2012 was had lowest bioavalability for all metals. Most metals showed similar trends for all three years.
NBIO Fraction
The NBIO fraction showed a drastic decrease from values of 45.2% for 2012 and 2013 and 19.4 for 2014. It was observed NBIO fractions for all metals were highest in 2013 and lowest for 2014. The NBio fractions for most metal had no defined trend except for Cu that it showed an increase while for Zn the NBio fraction showed a decrease from 38, 36 to 19%. Generally, the NBio fraction showed no general trend for all five metals. The NBio fraction was dominant pool amongst the three groups for most metals and playgrounds.
Residual Fraction
All metals showed a gradual decrease in residual fractions from 2012 to 2013. The highest value of residual fraction was recorded for Co (51%) while lowest was observed for Cu (16%). The residual fractions constituted the least dominant fraction (Table 5) . Table 4 summarizes the trends in bioavailable, non-bioavailable and residual metals fractions observed for the three years. Manganesse had a uniform trend in 2013 and 2014. Cobalt and nickel had varying trends that were similar in 2012 and 214 while copper and zinc showed similar trends only in 2013. The overall trend shows that the biofraction for all five metals is on the increases. Therefore it is important that the trend be reverse by avoiding those human activities that are responsible for the increasing bioavailable metal.
Risk Assessment Code (RAC)
Risk assessment code (RAC) model is applied by summing the exchangeable with carbonate bound fractions after determining the through speciation analysis. RAC had been classified according to criteria (%) into five categories namely, no risk: RAC < 1, low risk: RAC between 1to10, medium risk: RAC between 11to 30, high risk: RAC between 30 and 50 and very high risk: RAC > 50 [22, 48] . In the present study the water soluble fraction is being included in the model for RAC because it is the most bioavailable fraction. Hence, Table 4 shows the sum of these three fractions collectively called the BIO fraction, upon which the RAC model is interpreted (Table 6 ). Few playgrounds (MNO and SCP) showed no risk for cobalt; low risk playgrounds were WSP, WBP in 2012. Cobalt, nickel and copper were the only metals showing low risk only in 2012. It is no doubt that a few medium risks could be found only in all three years because human activities such as construction has increased in the period of this study. Generally high to very high risk playgrounds were few in 2012 but increased significantly between 2013 and 2014. Risk assessment code values (Table 6) were low for WBP (36) , TSO (80) and SCP (88) where as high values followed the increasing order: CSO (203), SCP (285) and TSO (358). It was observed that SCP (157) was abnormally low for playgrounds in 2014. Total risk per metal (TRPM) was highest for Zn (565) while Co (85) was lowest. Cumulative risks for each playground showed alarming values. Results of risk here support similar proposal made by [49] . Figures 7, 8 and 9 show the trends in cumulative biofraction for various metals at playgrounds. In 2012 CSO showed highest cumulative biofraction, SPC was highest in 2013 while TSO was highest in 2014. It could be observed that the trend for cumulative biofraction in all playgrounds had a significant uniformity for each year. This can only be attributed to a uniform source increase these metals in the playground soils.
Conclusion
The presence of toxic heavy metals in children playgrounds is not yet regulated and there are no standards in Nigeria, making the work an eye opener to both private and public agencies. These metal-laden playgrounds soils constitute a major source of health risk to our children and thus cause for a major concern. This study has successfully shown that toxic metals fractions of soils could reveal useful information for assessing potential toxic metals. Therefore we must recognize the risk of heavy metals to our children and assume our responsibilities for alleviating and mitigating it, so that our future (our children) will be safe. Particularly in Nigeria there is an urgent need to recognize the slow but sure harm befalling our children due to lack of standards for children playgrounds by appropriate regulatory agency. Trends in bioavailability for most metals revealed an increasing nature. This is an ugly situation that needs attention. An integrated approach combining, analytical chemistry and toxicity identification evaluation could be a more appropriate way to tackle the complex problems of heavy metals contamination of playground. 
